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Abstract

Background: With the potential development of human pathogenic bacteria resistant
to antibiotics, the use of antibiotics as growth promoter in poultry production was
banned in different countries, and it has forced the poultry industry to consider ‘Bio-
logically safer’ alternatives to antibiotics, among which the probiotics and microalgae
can be mentioned.

Objective: Present study aimed to compare Spirulina platensis microalgae in combina-
tion with a native probiotic as an alternative to antibiotics.

Methods: 336 male broiler chicks were allotted into 7 treatments and 4 repetitions in a
completely randomised design to evaluate chick’s performance and immune response
to different treatment based on indexes as feed intake, weight gain, feed conversion
ratio, humoral immunity, carcass characteristics, thigh and breast pH, intestinal mor-
phology and microbial population. European production efficiency coefficient was also
reported.

Results: No significant difference was appeared in the pH of thigh and breast meat
(b > 0.05). Supplementation of diets with SP, ; revealed better villi height, villi length
to crypt depth ratio and villi surface. With significant difference (p < 0.05), the highest
and lowest colonies of Lactobacillus and E. coli were recorded for PR, 5SP, 5 treatments.
Conclusions: Supplementation of broilers diets either with probiotic prepared from
the microorganism isolated of native birds (1 g/kg) or S. platensis (0.2 g/kg) alone and
their combination (0.3 g/kg of S. platensis in combination with 0.5 g/kg of native pro-
biotic) are promising and can be a good alternative to antibiotics, lead to progress of

broiler’s performance.
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1 | INTRODUCTION

In poultry production, feed efficiency, growth rate, days to market and
mortality are major productive parameters. To achieve such goals, var-
ious strategies have been implemented, the most common of which
is the use of antibiotics, due to its role to improve the growth per-
formance and protect birds from the adverse effects of pathogenic
and non-pathogenic enteric microorganisms. But due to the poten-
tial development of human pathogenic bacteria resistant to antibiotics,
this practice has been questioned in different countries, led to con-
tinuous efforts have been made and are being made to find natural
alternatives to antibiotics in poultry nutrition for both the welfare of
the birds and the confidence of consumers about the safe and hygienic
products. On the other hand, it has forced the poultry industry to con-
sider ‘biologically safer’ alternatives to in-feed antibiotics for chickens,
among which the probiotics and microalgae can be mentioned (Andrew
etal.,, 2020; Mehdi et al., 2018).

With the aim of regulating the microbiota of the digestive tract of
poultry, various therapeutic strategies have been proposed that can
control several diseases that are closely related to inflammatory and
metabolic disorders and lead to the improvement of animal health and
performance. Among these solutions to overcome the problem are
prebiotics, probiotics and herbal compounds (Shehata et al., 2022). In
recent years, some live microorganism cultures have been described
under the general term as ‘eubiotics’ (from the Greek word ‘eubiosis’),
refers to the function of the microbiota in the digestive tract (Miniello
etal., 2017; Yasar et al., 2017).

Possible modes of action of probiotics include competitive exclu-
sion, increased digestive enzyme activity, production of substances
that can inhibit the growth of pathogens or neutralise enterotoxins,
modulation of the immune maturation of the host, and alteration of
intestinal microbial activity (Sokale et al., 2019). To be used as an
effective probiotic strain, the isolated microorganism must meet the
following requirements: (1) Must be able to overcome the difficult con-
ditions they face after entering the gastrointestinal tract. (2) Apart
from the ability to survive in the host gastrointestinal tract, new strains
must be correctly identified using biochemical and molecular methods.
(3) Finally, new strains of probiotic bacteria should be able to inhibit the
desired pathogens in vitro (EFSA, 2012).

Microalgae are natural feed ingredient with high nutritional value
and efficiently used in poultry nutrition with different purposes such
as to enhance the pigmentation and nutritional value (e.g., as par-
tial replacement of conventional dietary protein sources) of meat
and also been linked to an improvement in health and welfare (El-
Hady & El-Ghalid, 2018). Microalgae classified as safe food sources
by the US Food and Drug Administration include Spirulina, Chlorella,
Danila, Hematococcus, Profiridium corinthum and Afanizomenon (Satha-
sivam et al., 2019). S. platensis is an edible microalga and a highly
nutritious potential feed resource (e.g., 70-50% protein, amino acids,
immune-stimulants factors and antiviral activity) that can be used to
improve biomass, chicken meat colour, chicken meat quality and egg
quality. Yet, numerous factors may cause significant variation in S.

platensis chemical composition, including climatic factors, light inten-

sity, aeration, culture conditions and stress (Hassan et al., 2021; Soni
etal, 2017).

Research findings have shown that the use of Spirulina and probi-
otics improves serum lipid concentrations and lipoprotein profiles by
lowering total cholesterol, triglycerides, LDL and increasing HDL (De
Jesus Raposo et al., 2016). Due to bioactive compounds in Spirulina such
as flavonoids, carotenoids, linoleic acid, phenolic compounds, including
phycocyanin, serum lipid profile in broilers can be improved (Lokapir-
nasari et al., 2016) and subsequently reduce serum cholesterol due to
a decrease in the absorption, and synthesis of cholesterol is expected.
Promotion of lactic acid bacteria and improvement of unpaired bile
salts or inhibition of hydroxymethylglutaryl coenzyme A reductase
activity by probiotics are other benefits that should be considered
(Shokaiyan et al., 2019).

This research aims to investigate the effects of including microor-
ganisms isolated from the digestive tract of native poultry (as a
probiotic), and microalgae (as a phytogenic) in the diet to find a combi-
nation with synergetic effects on the modification of host metabolism,
immune stimulation, inhibition and exclusion of pathogens in gut,
enhanced nutrient absorption, lead to economic performance, and

carcass components of broiler chicks.

2 | MATERIALS AND METHODS

2.1 | Animals and experimental design

A total of 336 one-day-old male broilers (Ross 308) were allotted into 7
treatments, 4 replications (12 chickens per replication) and reared for
42 days in a completely randomised design. Experimental treatments
include (1) positive control 1 (basic diet + salinomycin antibiotic) (PC),
(2) positive control 2 (basic diet + commercial probiotic) (COP), (3)
basic diet + 0.2 g/kg Spirulina platensis powder (SPq ), (4) basic diet +
0.3 g/kg S. platensis powder (SPq 3), (5) basic diet + 0.2 g/kg S. platensis
powder + 0.5 g/kg native probiotic (PRg.5SPg 1), (6) basic diet + 0.3 g/kg
S. platensis powder + 0.5 g/kg native probiotic (PRq.5SPq 3), (7) basic
diet + 1 g/kg native probiotic (PR4).

The ingredient composition and chemical analysis of the basal diets
(provided in the form of mash) formulated to meet nutrient require-
ments in different rearing periods (Table 1). Nutritional composition
of Spirulina platensis microalgae powder used in the present study is
shown in Table 2.

Before the arrival of chickens and the rearing to be started, the
rearing building and all the equipment were washed and disinfected.
Temperature, humidity and lighting program were set up as it recom-

mended in Ross 308 management manual.

2.2 | Performance measures
Average body weight gain (BWG), feed intake (FI) and feed conver-
sion ratio (FCR) were recorded periodically. Broiler’s feed intake was

calculated by subtracting the rejected feed from that offered in the
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TABLE 1 Components and chemical composition of the basal diets
of broiler chicks in the starter, grower and finisher of rearing periods.

Ingredients Starter Grower Finisher
Corn 521 54.6 59.4
Soybean seed meal 39.8 38.2 32.9
Soybean oil 1.62 3.18 3.9
Corn gluten meal 1.96 0.00 0.00
Calcium carbonate 0.980 0.90 0.830
Dicalcium phosphate 1.98 1.75 1.57
Sodium chloride 0.230 0.260 0.210
Bicarbonate sodium 0.140 0.110 0.180
L-threonine 98% 0.100 0.0600 0.0500
DL—methionine 99% 0.310 0.280 0.250
Lysine 78% 0.200 0.100 0.110
Vitamin premix? 0.250 0.25 0.250
Mineral premix® 0.250 0.250 0.250
Total 100 100 100
Chemical analysis

ME, kcal/kg 2850 2950 3050
Crude protein, % 22.1 20.4 18.5
Methionine, % 0.640 0.580 0.530
Methionine + cysteine, % 0.990 0.910 0.840
Lysine % 1.34 1.20 1.08
Threonine, % 0.950 0.850 0.760
Valine, % 1.03 0.960 0.870
Arginine, % 1.44 1.36 1.22
Isoleucine, % 0.930 0.860 0.780
Crude fibre, % 0.830 0.780 0.700
Crude fat, % 4.49 6.01 6.80
Linoleic acid, % 2.13 2.98 3.43
Calcium, % 0.960 0.870 0.790
Available phosphorus, % 0.480 0.440 0.400
Sodium, % 0.150 0.150 0.150
Potassium, % 0.890 0.870 0.780
Electrolyte balance (mEqg/kg) 0.230 0.230 0.200

2Vitamin supplement per kg of diet contains vitamin A: 3,600,000 inter-
national units, vitamin Dj3: 800,000 international units, vitamin E: 7200
international units, vitamin Ksz: 0.8 mg, vitamin B4: 0.7 mg, vitamin B,:
64/2 mg, vitamin B3: 11.88 mg, vitamin Bs: 2.92 mg, vitamin By: 1.17 mg,
vitamin By: 0.4 mg, vitamin B12: 0.006 mg, choline: 100 mg.

bMineral supplement per kg of diet contains manganese: 39.68 mg, iron:
20 mg, copper: 4 mg, zinc: 33.88 mg, iodine: 0.39 mg, selenium: 0.08 mg.

rearing periods. The FCR for each treatment was done after correct-
ing the weight of dead chickens. European production efficiency factor
(EPEF) was also calculated based on the following equation (Marcu
etal.,2013):

EPEF = [Livability x Live weight (kg) ] x 100/[Age in days x FCR].

TABLE 2 Nutrient content in 100 grams of Spirulina platensis
microalgae powder.

Nutrients Amount
Total protein 55-70¢g
total fat 6-9g
Total fibre 2-10g
Chlorophyll 800-2000 mg
Ash 662¢g
Polysaccharides 10-15¢g
Humidity 667¢g
Beta-carotene 258 mg
Phosphorus 914 mg
sodium 186 mg
Calcium 171 mg
Magnesium 260 mg
Potassium 1770 mg
Iron 75mg
Zinc 5mg
2.3 | Immune response

Chicken antibody reactions were determined using SRBS suspension.
On days 24 and 36 of the rearing period, two chickens were randomly
selected from each cage and 0.1 cc of 25% SRBC solution was injected
into the chick pectoralis muscle using an insulin syringe. Humoral
immunity test was applied on days 30 and 42, using 1 cc of blood taken
from the wing vein of chickens. The haemagglutination reaction was
recorded based on the last two dilutions as an antibody for SRBC based

on the logarithm as described previously (Dietert, 2009).

24 |
weight

Carcass characteristics and internal organs

Onday 42, 2 chicks from each cage whose weight was close to the aver-
age of the same cage were selected and after recording the live weight,
slaughtered. Carcass weight (without viscera), weight of abdominal fat
(fat around the cloaca, gizzard and proventriculus), weight of thymus,
bursa fabricius, heart, gizzard, pancreas, liver, proventriculus, spleen,
total intestinal and small intestinal weight were recorded. The percent-
age weight of each component was divided by the body weight and
multiplied by 100 to obtain the relative values of specific organs

2.5 | pH of meat

To measure the pH of the meat, 1 g of meat was isolated from the right
side of breast and thigh of the bird on day of slaughter. After chopping
the meat, the samples were poured into Falcon 15, and 5 cc of physi-
ological saline was added and kept in refrigerator. Twenty-four hours

later, to reach ambient temperature, the samples were removed from
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TABLE 3 Primers used for Lactobacillus and E. coli populations using real-time PCR technique.

Target group Sequences Sequences

Lactobacillus Forward CATCCAGTGCAAACCTAAG Shokryazdan et al. (2017)
Reverse GATCCGCTTGCCTTCG

E. coli Forward GTGTGATATCTACCCGCTTC Shokryazdan et al. (2017)
Reverse AGAACGCTTTGTGGTTAATCAG

the refrigerator and vortexed before pH measurement. In the next step,
the pH of the meat of the thigh and breast was measured and recorded
using a pH meter (Pestana et al., 2020).

2.6 | Histomorphology of jejunum

At the end of the rearing period, 2 birds were randomly selected and
slaughtered from each experimental replication. After removing the
intestine from the bird’s body, the jejunum sample was separated and,
after rinsing with normal saline solution, was placed in a neutral 10%
formalin buffer solution. In order to dehydrate the tissue, the samples
were placed in 50%, 70%, 90% and absolute alcohol for 1 h, so that the
tissue water was absorbed by alcohol. The samples were then placed in
solid paraffin and 7 um thick sections were prepared and transferred to
aglassslide. Finally, these sections were stained with haematoxylin and
eosinunder a Leicamicroscope (Model DM 1000, USA) equipped with a
digital camerawith a 10x lens and the data were recorded. The average
length of 4 healthy villi for each sample was calculated and reported in
micrometres. The ratio of villi height (VH) to crypt depth was calculated
in terms of micrometres (Ebrahimi et al., 2017), and villi surface area
(VSA) was determined as in the formula below (Gangali et al., 2015).

VSA =1/2x VW x VH x 27

2.7 | Determination of bacterial population using
real-time PCR technique

To study the population of two types of gastrointestinal bacteria (Lac-
tobacillus and E. coli), two chicks were selected from each cage on day
of slaughter, slaughtered and DNA samples from isolated cecum were
extracted as described in the instructions of Favorgen Biotech Corp.
(Taiwanese product). Real-time PCR was performed by BioRad real-
time PCR system CFX 96 (Applied Bio systems, Germany), using optical
degree plates. The primers used to quantify different bacterial pop-
ulations are shown in Table 3. The reaction was performed in a total
volume of 15 ulL using SYBR Green Master Mix. Each reaction con-
sisted of 7.5 uL of 2 x SYBR Green Master Mix, 0.5 uL of 10 uM forward
primer, 0.5 uL of 10 uM reverse primer, 2 uL of DNA sample and 4.5 uL
of double distilled water. Each sample was assayed by duplicate reac-
tions. Patternless control was included in real-time PCR amplification
to rule out any cross-contamination. Real-time PCR cycle conditions
included initial denaturation at 94°C for 5 min, followed by 40 denat-
uration cycles at 94°C for 20 s, primer bonding at 58°C and 50°C for

305, respectively. Lactobacillus and E. coli were also propagated at 72°C
for 20 s. As soon as the amplification was completed, the specificity of
the amplified products was confirmed by melting curve analysis. Real-
time PCR products were incubated with increasing temperature from
70°Cto 95°C with increasing of 0.5°C for 5 s interval. The results were
expressed as log10 copies per gram of cecum content (Shokryazdan
etal., 2017).

2.8 | Statistical analysis

Statistical analysis of data obtained from 336 one-day-old male broil-
ers (Ross 308) was performed in a completely randomised design using
the GLM procedure of SAS software package (Rastad et al., 2008). The
mean of treatments for the studied traits were compared using Tukey’s
test at the level (p < 0.05). The statistical model with the components
Y;j; (observation corresponding to repetition j of treatment i), i (average

attribute), t; (treatment effect), ¢; (test error) was as follows:

Y,'j=[.l+t,‘+€ij.

3 | RESULTS

3.1 | Growth performance

Data on feed intake, weight gain, feed conversion ratio and European
production efficiency factor of different treatments are presented in
Table 4. Based on these data, in the starter, grower and overall (days 1-
42) periods, the highest daily feed intake was obtained with treatments
PRg.5SPg.2, PC (except for overall period), PR, and SPq 5, respectively,
which showed a significant difference with the COP treatment (p <
0.05). The analysis of the data related to weight gain indicates that
compared to COP, treatments PRq.5SPg 5 in starter and SPq 5 in over-
all periods resulted in a significant (p < 0.05) increase in average weight.
Feed conversion ratio was not affected by the experimental treatments
in entire rearing periods (p > 0.05). The lowest European production
efficiency (EPEF) coefficient was related to treatment containing com-
mercial probiotics (COP), which was significantly differ from PC (p >
0.05).

3.2 | Antibody titres against SRBC

Total anti-SRBC, IgG and IgM titres on days 30 and 42 are shown in
Table 5. Experimental treatments on the 30th day of rearing period
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TABLE 4 Effect of experimental treatments on growth performance in broilers (g /bird /day).*

Item PC CcoP SPO.Z SPO.3
FI

1-10 22.3% 17.8¢ 22.1% 203be
11-24 84.3° 72.7° 852 82ab
25-42 176 168 189 180
1-42 1042 95b 1092 1012
BWG

1-10 14.32b 12b 14.32 12.6°
11-24 48.9 41.6 51.8 47
25-42 105 95.6 102 103
1-42 61.7° 49.3b 62.12 58.4
FCR

1-10 156 1.49 1.55 1.59
11-24 1.73 1.75 1.64 1.75
25-42 1.66 176 1.85 1.74
1-42 1.67 1.93 177 1.74
EPEF 4092 297° 365% 3852

PR0.5SP0.2

22.92
82.3%
184
106

15.12
445
103
60.6%

1.51
1.77
1.78
176
3662°

PRO .5 SP0.3

21.5%
85°
179
1042

1382
48.5
101
59.5

1.58
1.78
1.77
1.76
38220

Note: Means in same row that do not have a common letter have a significant difference (p < 0.05).

Fl, feed intake; BWG, body weight gain; FCR, feed conversion ratio; EPEF, European production efficiency factor.

PR,

PPIBE
86.3
186
1032

14.7%
51.2
107
60.4°

1.53
1.68
1.75
1.71
384320

SEM

0.351
1.02
2.02
1.08

0.352
0.911
0.971
0.955

0.0221
0.0292
0.0208
0.0233
8.03

p Value

0.0001
0.0108
0.262

0.0241

0.0262
0.125

0.0861
0.0066

0.866
0.966
0.526
0.278
0.0204

PC:first positive control (with antibiotics), COP: second positive control (commercial probiotic), SPq »: 0.2 g of Spirulina platensis powder, SPg 5: 0.3 g of Spirulina
platensis powder, PRy.5SPq 5: 0.2 g of Spirulina platensis powder and 0.5 g of native probiotics PRg.5SPg 3: 0.3 g of Spirulina platensis powder and 0.5 g of native

probiotics, PR4:1 g of native probiotics.

TABLE 5 Effects of experimental treatments on antibody titres against SRBC on days 30 and 42 of rearing periods.

Item PC coP SPo. SPo3
18G3o 0.370% 0.750 0.121° 0.620%
1gMao 5.50 4.62 462 512
Totals, 5.62 5.62 462 512
18Ga» 3b 3 4.87° 4,52
1gMa, 52b 6.25° 5,122 5.372
Totaly, 8bc 9.28% 10° 9.87°

PRo-5SPo. PRy.55Po.3 PR, SEM p Value
0.871% 0.850% 12 0.0801 0.0210
3.75 475 462 00211 0.0658
462 587 575 0.1608 0.277

3.37° 3.12° 3 0.1603 0.0060
5.12% 437 5.12% 0.0211 0.0041
8.5abc 7.50° 8.125 0.180 0.0001

Note: Means in same row that do not have a common superscript have significant differences (p < 0.05).
PC:first positive control (with antibiotics), COP: second positive control (commercial probiotic), SPq »: 0.2 g of Spirulina platensis powder, SPg 5: 0.3 g of Spirulina
platensis powder, PRy.5SPq »: 0.2 g of Spirulina platensis powder and 0.5 g of native probiotics PRy.5SPq 3: 0.3 g of Spirulina platensis powder and 0.5 g of native

probiotics, PR4:1 g of native probiotics.

did not show any significant change in total antibody titre and IgM
(p > 0.05). However, on the day 42, compared to PC, SPq, treatment
significantly led to the higher IgG titre (p < 0.05) and also significant
difference for IgM titre was obtained between PR 5SPy, and COP
treatment (p < 0.05).

3.3 | Carcass characteristics and meat pH
Results from data analysis of carcass characteristics and meat

pH are presented in Table 6. According to these results, car-
cass yield, internal organs and pH of thigh and breast meat

were not significantly affected by neither of the experimental
treatments (p > 0.05).

3.4 | Histomorphology of jejunum

Histomorphometric examination of the chick jejunum fed various addi-
tives is shown in Table 7. The measures of jejunum morphometry,
including villus length, crypt depth, villus length /crypt depth, and
surface area, indicate that except to crypt depth, other measures sig-
nificantly (p < 0.01) impacted by the supplementation of 0.3% Spirulina
platensis powder, namely, SPq 3.
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TABLE 6 Effect of experimental treatments on internal organ weight and pH of broiler meat and breast of broilers.

Treatments PC COP SPy 5 SPo3 PRg.5SPg, PRy.5SPg 3 PR, SEM p Value
Heart 0.520 0.569 0.497 0.521 0.520 0.540 0.531 0.0070 0.454
The spleen 0.111 0.111 0.100 0.100 0.100 0.111 0.0922 0.0031 0.199
Liver 2.13 1.98 2.03 2.14 1.95 2.10 2.10 0.0203 0.112
gizzard 1.36 1.52 14 141 1.46 1.47 1.43 0.0220 0.658
Carcass weight 64.8 64.4 65.3 66 65.4 65.9 66 0.295 0.121
Intestine 4.81 573 5.06 4.77 476 5.25 4.86 0.0911 0.246
Abdominal fat 0.955 0.880 0.891 1.07 1 0.821 0.930 0.0333 0.838
Small intestine 4.04 475 4.25 3.94 3.92 4.35 3.94 0.0800 0.266
Pancreas 0.221 0.280 0.201 0211 0.226 0.210 0.225 0.0041 0.101
Thymus 0.244 0.215 0.254 0.238 0.221 0.250 0.223 0.0101 0.974
Exchange 0.180 0.141 0.158 0.132 0.140 0.0901 0.174 0.0080 0.153
Proventriculus 0.365 0.420 0.331 0.340 0.380 0.355 0.321 0.0070 0.0600
Thigh pH 6.45 6.43 6.45 6.44 6.41 6.43 6.45 0.0101 0.966
Breast pH 6.44 6.36 6.40 6.43 6.39 6.40 6.43 0.0080 0.233

Note: Means in same row that do not have a common superscript have significant differences (p < 0.05).

PC: first positive control (with antibiotics), COP: second positive control (commercial probiotic), SPy »: 0.2 g of Spirulina platensis powder, SP 5: 0.3 g of Spirulina
platensis powder, PRy.5SPg »: 0.2 g of Spirulina platensis powder and 0.5 g of native probiotics, PRy.5SPg 3: 0.3 g of Spirulina platensis powder and 0.5 g of native
probiotics, PR4:1 g of native probiotics.

TABLE 7 The effect of experimental treatments on the morphology of the small intestine jejunum of broilers.

Treatments PC CcoP SPg.» SPy3 PR 5SPg» PR 5SPg3 PR, SEM p Value
Villus length (um) 896¢ 943¢ 12682 14462 1138b¢ 1177b¢ 976 28.5 0.0001
Crypt depth (um) 176 157 144 157 192 181 157 4.78 0.163

Villus length/crypt depth (um) 5.55¢ 6.11b¢ 8.782 9.20° 6.25b¢ 6.543b¢ 6.13b¢ 0.230 0.0184
Surface area(um) 781° 833° 1003 10762 88220 9362 8522b 18 0.0040

Note: Means in same row that do not have a common superscript have significant differences (p < 0.05).

PC: first positive control (with antibiotics), COP: second positive control (commercial probiotic), SPy ,: 0.2 g of Spirulina platensis powder, SP 5: 0.3 g of Spirulina
platensis powder, PRq.5SPg »: 0.2 g of Spirulina platensis powder and 0.5 g of native probiotics, PRy.5SPq 3: 0.3 g of Spirulina platensis powder and 0.5 g of native
probiotics, PR4:1 g of native probiotics.

TABLE 8 The effect of experimental treatments on the population of Lactobacillus and E. coli in broiler cecum (logcfu/g).

Treatments PC copP SPg, SPo3 PRy 5SPg.2 PRy 5SPg 3 PR, SEM p Value
Lactobacillus 5.86¢ 6.592b¢ 6.53b¢ 6.71%¢ 7.16% 7.452 6.44¢ 0.0700 0.0001
E. coli 1.282 flo52 0.954% 0.750% 0.650% 0.351° 0.960%° 0.0804 0.0211

Note: Means in same row that do not have a common superscript have significant differences (p < 0.05).

PC: first positive control (with antibiotics), COP: second positive control (commercial probiotic), SPy ,: 0.2 g of Spirulina platensis powder, SP 5: 0.3 g of Spirulina
platensis powder, PRg.5SPg »: 0.2 g of Spirulina platensis powder and 0.5 g of native probiotics, PRy.5SPq 3: 0.3 g of Spirulina platensis powder and 0.5 g of native
probiotics, PR4: 1 g of native probiotics.

3.5 | Bacterial population in cecum 4 | DISCUSSION

Table 8 shows the influence of dietary additives inclusion on the Lacto- Microalgae are increasingly being studied as an emerging and promis-
bacillus and Escherichia coli bacteria population in the experimental bird ing feed additive to improve poultry productivity. Research findings
cecum. As data indicate, compared to PC treatment, a combination of show that Spirulina platensis (a filamentous blue-green microalga)
probiotic and Spirulina Platensis powder (PRg.5SPq 3) resulted to signif- increased the digestibility of feed by improving the morphological
icant increase in Lactobacillus bacteria and simultaneously significant structure of the digestive system, which results in an increase in

reduction in Escherichia coli population (p < 0.05). chicken performance (El-Hady & EI-Ghalid, 2018; Park et al., 2018).
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Moreover, probiotics are potentially known with various positive
effects on the morphology of the digestive tract, gut microbiota
improvement, intestinal barrier function, immune responses, integra-
tion of digestive tract, antioxidant capacity, nutrients absorption, and
finally the health and growth performance of broiler chicken (He et al.,
2019; Shehata et al.,, 2022).

This study highlights that inclusion of microalgae, probiotics
(derived from local strains) and their combination to broiler diets
showed an improvement of productive parameters and resulted in a
significant increase in the feed consumption and weight gain; how-
ever, no significant difference was obtained in the feed conversion
ratio, though, compared to control treatments, the calculated FCR
was numerically improved or at least was similar. S. platensis is rich in
nutrients such as amino acids, vitamins, zeaxanthin, vitamins and iron
phycocyanin, carotenoid and protein, which can justify the reported
feed intake and growth performance improvement (Ahmed et al., 2022;
El-Hady et al., 2022). In addition, development of favourable bacteria,
probiotics reduce the breakdown of protein into nitrogen and optimal
use of amino acids by preventing colibacilli and inhibiting enterotoxins
in the digestive system (Ahmat et al., 2021).

S. platensis has also been linked to an improvement in broiler’s
immune system and health, due to 3-carotene and vitamin B4, con-
tent that appear to have immunomodulatory effects on the immune
responses in broilers. Based on result in another study (Fathi et al.,
2017), S. platensis has a direct effect on broiler’s growth and lymphatic
tissues stimulation. It has been reported that inclusion of Spirulina
platensis microalgae in broiler diet can be result in immune positive
response via increasing the serum level of Igy, I1gg, phagocytic activity,
and phagocytic index (Ahmed et al., 2022). On the other hand, probi-
otics may improve immune system via three mechanisms: (1) increasing
the production of immunoglobulins M, G and interferons; (2) increasing
the production of local antibodies in the mucous surfaces of the body,
such as the intestinal wall, which are usually of the IgA type; and (3) the
increase in the activity of macrophages, which is manifested through
the increase in the phagocytosis of microorganisms (Jing et al., 2017).
These findings are compatible with the results obtained in the present
study and confirm them in most cases.

Jejunum morphometry measured in current study indicate that
the villus length, crypt depth, villus length /crypt depth were sig-
nificantly increase in broilers consumed diets containing S. platensis.
These results are similar to that reported previously, in which stated
that supplementing poultry diet with S. platensis powder leads to the
homogeneous development of intestinal villi and epithelial cells (Shan-
mugapriya et al., 2015). Prebiotics, probiotics and phytogenic exert
their beneficial effects indirectly through stabilising the natural intesti-
nal microbiota which subsequently result in the intestinal epithelial
barrier improvement (Shehata et al., 2022). In accordance with the
results of other researchers, part of the interaction effect between
S. platensis microalgae as a prebiotic in combination with probiotics
in improving villus length or the ratio of villus length to crypt depth
appeared in this study can be explained by the synergistic effect
between these additives (Li et al., 2019; Tavaniello et al., 2018).

S. platensis contains growth stimulating nutrients such as
exopolysaccharide, adenine, hypoxanthine, free amino acids, vita-
mins, minerals, phycocyanin (a powerful plant-based protein) and
beta-carotene, which are effective on the survival of probiotic bacteria
and increasing the Lactobacillus population (Finamore et al., 2017).
If so, improved nutrient absorption, reduced movement of harmful
bacteria and endotoxins secretion in the intestine will be expected,
that resulting in improving the microbiome balance in the digestive
system of the host bird. Combination of two important properties
of probiotics, namely, the secretion of antimicrobial substances and
competition for available nutrients, and at the same time providing
good sources of available nutrients by S. platensis, leads to an increase
in beneficial and reduce harmful bacteria (Awad et al., 2009; Mirzaie
et al., 2018; Mookiah et al., 2014; Van zyl et al., 2020). Summarising
the above findings and paying attention to the results reported in the
present research indicate the compatibility between them, because
first, the balance of microbiota in the digestive tract is in favour of the
host bird; second, the improvement of their immune system through
the increase of antibody titre; and finally, the improvement of absorp-
tive cells in small intestine have been clearly shown in treatments
containing probiotics, S. platensis or their combination (see Tables 5, 7,
and 8).

5 | CONCLUSIONS

The general conclusion is that compared to commercial probiotics,
supplementation of broilers diets either with probiotic prepared from
the microorganism isolated of native birds (1 g/kg) in current study
or S. platensis (0.2 g/kg) alone and their combination (0.3 g/kg of S.
platensis microalgae powder in combination with 0.5 g/kg of native
probiotic) are promising and can be a good alternative to antibiotics
and to improve immune system, intestinal morphology measures and
gastrointestinal microbiota without any side effects and can lead to
progress in the performance of experimental broilers, though more

studies on microalgae are needed.
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